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Neutrino Mixing



Neutrino Masses



Electron neutrino appearance

• Contains all of the most interesting information: 
θ13, Mass hierarchy (in matter potential A), CP violation (δCP)

• But: Complicated to extract: Complimentary information needed 
(antineutrino running, reactor experiments, different L/E, …)

The smaller θ13, the more sophisticated!



Electron Neutrino Appearance Key Points

• The mixing angle θ13 sets the scale for the size of the 
effect

• CP violation term δCP flips sign of second term
– compare ν with anti-ν probability

• Hierarchy changes the sign of matter potential Â
– Long baseline needed to see effect of Â



New Results Prior To PD Startup

• Conventional Beam
– Better measure ∆m2

23, some sensitivity to θ13
– MINOS (Fermilab to Minnesota)
– ICARUS (CERN to Gran Sasso, Italy)
– OPERA (CERN to Gran Sasso, Italy)

• SuperBeams
– Good sensitivity to θ13, precision measurement of θ23 , some sensitivity to hierarchy
– T2K (Tokai to Kamioka, Japan)
– NOvA (Fermilab to Minnesota)

• Reactor
– Good sensitivity to θ13
– Double Chooz (France)
– “Reactor II” (USA, China, Brazil,…..)

• Short Baseline
– Investigate LSND result
– MiniBooNE (Fermilab)



3 Scenarios for 
SIN22θ13 Knowledge
Prior to PD Startup

• 3 Scenarios for SIN22θ13

Scenario 1: SIN22θ13 > ~0.04

Scenario 2: ~0.01 < SIN22θ13 < ~0.04

Scenario 3: SIN22θ13 < ~0.01
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